Objectives-To investigate concern that local industrial air pollution in Teesside, England, was causing poor health, several areas there were compared with parts of the City of Sunderland. Results-The populations in the four zones were comparable for indicators including smoking habits, residential histories, and unemployment. All cause and cause specific mortalities were high compared with England and Wales. Mortality in all Teesside zones (ABC) combined was mostly higher than in zone S. In people aged 0-64, lung cancer and respiratory disease showed gradients with highest mortality in areas closest to industry (A>B>C and ABC>S). The association was clearest for lung cancer in women (0-64 years old, trend across zones ABC, p=0.07, directly standardised rate ratio relative to zone S was 169 (95% confidence interval (95% CI) 116-122)). There were no important, consistent gradients in the hypothesised direction between zones in consultation rates in general practice, and self reported respiratory and nonrespiratory health including asthma. Conclusions-There was no clear evidence that living close to industry was associated with morbidity, including asthma, or for most measures of mortality. For lung cancer in women the gradients indicated a health eVect of local industrial air pollution. In the age group 0-64 observed gradients in lung cancer in men and mortality from respiratory disease in men and women were consistent with the study hypothesis, although not significant. The reasons for the diVerent patterns at diVerent ages, and between men and women, remain a puzzle. (Occup Environ Med 1998;55:812-822) 
Teesside in north east England is the location of one of western Europe's largest steel and petrochemical complexes. Among the many industries there are ICI and British Steel. There has been longstanding debate about the relative contribution of industrial pollution and poverty to the high levels of ill health in Teesside. [1] [2] [3] [4] [5] Two earlier studies into the eVects of smoking and industrial pollution on lung cancer and mortality from bronchitis implicated industrial air pollution as a contributor to the high rates of these diseases in Teesside. 2 3 Local debate about poverty, industrial air pollution, and ill health was fuelled by research showing that populations living in some of the poorest areas in Teesside had unexpectedly high death rates compared with similar areas in Sunderland, a city 25 km to the north. 4 Between 1975 and 1986 the standardised mortality ratio (SMR) in the Teesside area was 158, compared with 133 in Sunderland areas. 4 One explanation was that air pollution from industry on Teesside was exacerbating health problems. The public in Teesside perceive air pollution to be the top ranking environmental problem and identified industry as a major contributor. 5 The public, health professionals, the media, and local statutory agencies have been embroiled in the health controversy, and when this study began litigation by residents against local industries was threatened.
This study tried to answer three questions:
x What is the health status of populations living in the poorest areas of Teesside? x How does the health status of people in
Teesside compare with those in Sunderland, and specifically, do morbidity patterns show the same disparity as those of mortality? x Has air pollution from local industry impaired the health of people living close by? Papers focusing on otitis media and lung cancer have been published. 6 7 This paper gives an overview of the key finding of a complex report, 8 develops some of the earlier analysis, and focuses on the third question above, presenting data from a community question-naire survey, an analysis of general practice records, and mortality statistics. Information on perinatal deaths, stillbirths, birthweights, otitis media based on a screening survey, 6 cancer registration, and a detailed review of environmental information including a land use survey are in our report. 8 Before describing the epidemiological studies we briefly summarise knowledge on air quality in Teesside, and introduce the study design and the terminology used for the areas under investigation.
STUDY DESIGN, AREAS STUDIED, AND OVERVIEW OF AIR POLLUTION IN THE TEESSIDE

ENVIRONMENT
We used proximity to industry as a surrogate for long term exposure to air pollution from local industries. Twenty seven housing estates in Teesside and Sunderland, north east England, were the focus of the study, with more detailed information from subsets of these estates. The estates were aggregated into zones (designated as A, B, and C in Teesside where A is closest to industry and C the furthest, and S in Sunderland). Areas in zone A have been the centre of concern for many decades about the potential eVect of air pollution on health. 1 4 8 Our strategy was to study the geographical areas where concern has been greatest and not restrict ourselves to those areas for which environmental data were already available. The areas are shown on the map.
Existing data on monitoring air pollution together with computer dispersion modelling and a historic land use survey helped (a) to characterise the spatial and temporal trends in health related air pollutants, (b) to inform us of the likely validity of the selection of study areas based on residential proximity to industry as a proxy for exposure, and (c) to examine associations between general practitioner (GP) consultation rates and daily measures of air quality. This section summarises a complex set of data, much of which is discussed in detail elsewhere. 8 A review of routinely available air quality monitoring data from the mid-1950s to the present showed abundant data for Teesside (reflecting long standing concerns about air pollution there) presented in annual reports of medical oYcers of health, 9 10 local government reports on air quality, 11 12 specifically commissioned studies, and the national air quality archive. Data on air quality in the 1960s and 1970s in the study zones are either not available, or are incomplete. Information about air quality in zone A areas is, surprisingly, less comprehensive than other areas despite the long standing concerns there. The best continuous data are for smoke and SO 2 , available from the Internet since 1997 (http:// www.aeat.co.uk/netcen/aqarchive/nonauto/ smkjava1.html). When systematic local authority monitoring started in the early 1960s, it concentrated on smoke (as an indicator for fine suspended particles), SO 2 , insoluble deposits, and ferric oxide identified as a marker for industrial activity (especially steel). We identified spatial variations in air quality in Teesside; but this was not feasible in Sunderland, where less monitoring has taken place. We could not follow spatial patterns in air quality over time because monitoring sites were regularly relocated. Many sites to monitor spatial variations in smoke and SO 2 came into operation in the early 1970s, by which time the levels of these pollutants were greatly reduced.
The overall trend towards falling pollution levels from 1960 onwards is shown in table 1 for four sites (three in Teesside, one in Sunderland) for which continuous smoke monitoring data are available. One site falls within our zone B. No such data are available for our zones A and C or our Sunderland zone. This table shows higher smoke levels in Sunderland, reflecting the later introduction there of domestic smoke control measures.
Local government used insoluble solids and ferric oxide as key indicators of industrial pollution. [9] [10] [11] Insoluble solids are particulates of all sizes excluding secondary salts. Monitoring in Teesside showed persistently higher pollution in areas close to industry. Indicative data are presented in table 2, which covers 6 years in the 1960s, and shows a sharp gradient between industrial, semi-industrial, and residential areas (based on groupings of monitoring sites made by local government). 9 10 Little decline in pollution over time is evident in these years. Table 3 summarises variations in smoke and SO 2 at particular monitoring sites for winter and summer in 1968. 11 The site which falls within our zone A (marked a on the map) has the highest levels of smoke and SO 2 . Two further sites (marked b and c on the map) lie close to industry but outside our study zones; levels are generally higher at these two sites than at the site in zone B (marked d on the map), whereas levels are lowest at site e, which lies outside our study zones and well away from industry.
The high readings recorded for the zone A site, in the area known as South Bank, situated close to steel, coking, and chemical operations, are repeatedly mentioned in local documentation including local government reports from the late 1960s to the early 1980s. Within the first months of this monitoring site being introduced in late 1967, daily winter smoke peaks of over 700 µg/m 3 were reported there. 10 The local government report on pollution between 1964 and 1973 summarised the position thus: "In contrast to the general improvements in all four pollutants there remain particular sites where the pollution is becoming worse or where high levels of pollution are still being registered. South Bank is the area most severely aVected". 13 Even in 1981 this site still had the highest levels of SO 2 in Teesside. These findings support our general strategy of basing choice of areas on proximity to industry.
In the 1990s local air quality monitoring has focused on pollutants-such as nitrogen dioxide (NO 2 ), ozone (O 3 ), small particles (PM 10 Table 4 presents modelled NO x and benzene concentrations for 1993 and 1994. The NO x is used in this context to illustrate uneven overall pollution loads coupled with diVerentials in the relative contribution from industrial sources. Highest predicted concentrations were along busy roads and around housing areas closest to major industries. In some areas closest to industry the industrial contribution to both NO x (59% in 1994) and benzene (78% in 1994) was well above the national average of 38% and 32% respectively, whereas modelled A land use survey based on historical maps and archive data confirmed that those housing areas which are currently closest to industry were also close to industry throughout most of this century. 8 Specifically, industry has been close to zone A throughout the century.
Overall, these data supported our assumption that residential proximity of a population to industry was a reasonable surrogate for long term exposure to local industrial emissions.
Methods
CHOICE OF AREAS
Areas close to Teesside's major industries are among the poorest neighbourhoods in the United Kingdom. The focus of this study was on the poorest parts of localities close to ICI and British Steel, previously identified as having exceptionally high mortalities, 4 and socioeconomically comparable areas in Sunderland which served as a reference zone for this analysis. The poorest enumeration districts (EDs) in Teesside were identified with the Townsend deprivation index. 4 8 Clusters of adjacent EDs with similar characteristics were aggregated and checked by fieldwork and local consultation as socially homogenous and locally recognisable neighbourhoods.
We sought populations at varying distances from industry, yet comparable on factors posing a risk to health such as smoking, occupation, and socioeconomic status. This study started before publication of the 1991 census, so 1981 census data were assembled for enumeration districts (EDs), the smallest unit area for which census data are available, consisting of a mean of about 150 households. When published, 1991 census data were examined to verify that study areas remained similar to one another in social characteristics. Twenty seven areas, 19 in Teesside (1991 population 77 330) and eight in Sunderland (population 43 485) were included.
As shown on the map, estates were grouped by distance from industry into those relatively near to (referred to as zone A), intermediate to (zone B), and further from industry (zone C). Sunderland estates, which are not shown on the map, formed a fourth zone (S). Studies were carried out at various levels of geographical aggregation. Studies of routinely collected data covered all 27 estates; these data were also analysed for the subset of 15 estates (12 in Teesside, as shown on the map, and three in Sunderland) which correspond to the community survey. 8 Other studies, requiring original data collection (community survey, GP morbidity study), concentrated on subsets of these 27 estates. In the map the 12 Teesside estates in which the community survey was carried out are identified by the letter "s" of the surveyAs, Bs, and Cs.
TEST OF THE STUDY HYPOTHESIS
This design permitted identification of gradients of ill health across zones. A prerequisite for us to consider data to support the study hypothesis that local industrial air pollution has an eVect of on health was both a gradient across Teesside (highest rates in zone A, lowest in zone C), and higher rates in the combined Teesside zones (ABC) than in Sunderland.
Community survey A postal questionnaire, based mainly on previously tested questions, 15 was sent to residents in 12 estates in Teesside (as shown on the map as zones As, Bs, and Cs) and the three estates in Sunderland (not shown on map). Questions covered socioeconomic circumstances, personal behaviour, illnesses, symptoms (focusing particularly on respiratory ill health), health status, and factors influencing health. The questionnaire is available from us and is reported in full elsewhere. 8 Questionnaires were sent to 7524 Teesside adults; 2269 Sunderland adults; 3366 Teesside parents to complete on behalf of their children; and 1687 Sunderland parents. An overall response rate of 59.7% (9097 completed questionnaires) was achieved after two reminders. The response varied little among the Teesside zones, but was slightly lower in Sunderlandfor example, for adults it was 59.8% compared with 62.3% in Teesside. Odds ratios and their 95% confidence intervals (95% CIs) for self reported illnesses and symptoms were calculated with multiple logistic regression, with zone S as the reference population. Logistic regression was also used to test the hypothesis that a trend in odds ratios would be found (zone A>zone B>zone C).
General practice records
For pragmatic reasons of time and cost this part of the study was carried out in Teesside only, in nine GPs' practices, three in each of zones A, B, and C. A sub-sample of people from the community survey was selected with a systematic sampling technique. From each practice 240 adults and children were selected giving a sample size of 720 in each of the three zones.
Customised encoding software developed to our specification by the company Computer Aided Medical Systems (Loughborough, UK) was used to extract date of consultation, diagnosis or symptoms, repeat prescriptions, chronic illnesses, and hospital in-patient episodes from patient records for the period December 1989 to September 1994. Environmental data corresponding with some of the period of GP data were available for two sites. Hourly readings of NO 2 and SO 2 were available from a site close to zone A, from January 1992 until September 1994, albeit with some gaps. These were used in conjunction with the general practice data from zone A. Hourly readings of particulates (PM 10 ), NO 2 , SO 2, , and O 3 were available from a site in zone B for June 1993 to September 1994; these were used with the data from general practices in zone B. For analysis we used the mean over each period 0900 to 0800 the next day, and the maximum reading in the period.
To assess whether the consultation rate varied significantly with air quality, a Poisson log linear model of the number of daily consultations was used, taking into account day of the week, daily temperature (average of the minimum and maximum temperatures in the previous 24 hours) and mean and peak daily pollutant values up to 0800 that day. This model was implemented with the statistical package GLIM. Consultations were also analysed for air quality during the 24 hours up to 0800 on the previous day. 
Mortality data
Postcoded data on mortality were obtained from the former Northern Regional Health Authority. Individual postcodes were allocated to 1981 Census enumeration district codes with Newcastle University's POSTCODERX programme. 8 Comparing some of the Northern Regional Health Authority data with the OYce for National Statistics published data showed inconsequential discrepancies. 8 Deaths of permanent residents of institutions were excluded. 16 A mid-decade denominator was constructed with census data for the populations resident in private households (1981) and resident in households (1991) to match the numerator of non-institutional deaths. Underenumeration of the population in the 1991 census in our 27 areas of study was minimal-for example, zone A 1.4%, zone B 0.7%, zone C 1.4%, and zone S 0.8%. 17 Mortality data were analysed at various levels: by the 27 housing estates individually; by the 15 estates selected for the community survey grouped into three Teesside zones and one in Sunderland; and by 27 estates grouped into three Teesside zones and one Sunderland zone. Mortality data were subject to two further levels of analysis. The three Teesside zones were subdivided into five. DiVerences over time were sought by analysing data from 1981-4, 1985-7, and 1988-91 separately. The full analysis is in our report. 8 In this paper the focus is on the 27 estates grouped into four zones.
Age and sex stratified rates were examined for key analyses. Our emphasis on the 0-64 year age group (as well as all ages) was to allow comparability with earlier work by Phillimore and Morris, 4 and to act on the finding that inequalities in health tend to diminish in elderly people and are sharpest in young and middle aged people. Then, both direct and indirect standardised rates were calculated and found to be similar. 8 In this paper (unlike the report) the mortality data are primarily summarised as directly standardised rate ratios (DSRRs) with the mortalities for Sunderland as the reference population. (Analyses based on SMRs with England and Wales as the standard are in our report.
8 )
The DSRRs (95% CIs) were calculated for each of zones A, B, and C separately, and for Teesside as a whole, in each case with Sunderland as the reference population. The hypothesis of a trend in mortality within Teesside (A>B>C) was tested with logistic regression for a trend in the probability of dying from 1981 to 1991 in zones A, B, C, taking into account sex and 5 year age group. Table 5 contains socioeconomic and lifestyle indicators for adults from the community survey and shows that the populations were broadly comparable. This was not a surprise as census data on socioeconomic factors formed the basis for choosing study areas. 8 Levels of male and female unemployment were similar as were educational levels. Population stability was also similar although fewer Sunderland residents (51%) had stayed at the same address for most of their life than had Teesside residents (58%). Damp housing aVected slightly more Sunderland than Teesside residents and within Teesside aVected more people in zone A than the other zones. Gas fired heating was slightly more common in zone C than in A and B. More homes in Sunderland were heated by coal fires or gas fires when compared with Teesside. Smoking patterns, alcohol consumption, and exercise showed small diVerences. The findings for the children's sample were similar 8 (data available on request from authors). These data bolstered the assumption based on 1981 and 1991 census data, that on lifestyle as well as socioeconomic grounds, the respondents from the four zones were comparable populations. 8 Occupational details are summarised in table 5. Among women, no diVerences were apparent. For men, sizeable diVerences did exist, with populations in zone A having the highest prevalence of men working in one of 12 major industries, and within Teesside, in working in a dusty industry. *Odds ratios adjusted for: damp housing to overcrowding to parental smoking to family history of asthma to gas appliances and coal fires †Zone CS to N=828 ‡Responses to survey question, "Has your child had to or have you been told they have any of the following illnesses". §Zone CS (n=189). ¶4 df.
Results
INDICATORS OF SOCIOECONOMIC AND LIFESTYLE
COMPARABILITY OF POPULATIONS
SELF REPORTED HEALTH
Data on a wide range of chronic health problems, illnesses, and symptoms were collected. 8 We focus here on respiratory ill health. The main findings for adults and children are presented in tables 6 and 7 respectively. In adults, there were no clear cut gradients in the hypothesised directions in respiratory morbidity within Teesside, although Teesside had a higher prevalence of chronic bronchitis, hay fever, and sinusitis than Sunderland. Among people with asthma in Teesside, a higher proportion of those living in zone A experienced >12 attacks in the year before the survey but this pattern was not mirrored for 4-12 asthma attacks, and diVerences between Teesside and Sunderland were small. The ill health experience across the four zones was similar for a wider range of non-respiratory problems as reported elsewhere. 8 Among children (table 7) there were some diVerences across the Teesside areas but there were no clear gradients in the hypothesised direction. Although sinus trouble showed a gradient (A>B>C) across Teesside the prevalence in Teesside was almost identical to zone S. With the exception of asthma, all illnesses listed were higher within Teesside as a whole than within Sunderland. As with adults, there was evidence suggestive that a higher proportion of those living in zone A had >12 asthma attacks, but no similar pattern occurred for 4-12 attacks.
GENERAL PRACTICE DATA Table 8 shows that consultation rates were higher in zone B than in zone A and lowest in zone C. Respiratory diagnoses disaggregated into diVerent categories showed marginal diVerences and no pattern across the areas. Furthermore, the three zone A practices combined had lower hospital admission rates, chronic conditions, and repeat prescription items dispensed than did practices in the other two areas (data not shown here). 8 Table 9 shows the association between consultation rates and daily peak NO 2 and SO 2 concentrations in zone A. Slight increases in consultation rates on days when pollutants were higher were found, but the associations were not significant with one exception: overall consultations were raised on days when the SO 2 concentration up to 0800 the previous day was relatively high. Table 10 shows that at all ages, all cause mortality showed a slight Teesside gradient (A>B>C; NS) among men but not among women. Mortality ratios for all Teesside zones (ABC) combined were marginally higher than zone S (ABC>S) for men but not for women. All cause mortality for the 0-64 age group exhibited a gradient among men (p=0.11) and women (p=0.16) and was higher for all Teesside zones, compared with zone S, in both men and women.
MORTALITY
Mortality for all cancers excluding lung cancer, showed no gradients in the hypothesised direction across the Teesside zones but mortality ratios were generally higher for all Teesside zones combined than for zone S.
For some analyses specific to cancer site, the number of cases were too small for meaningful comparisons, and for some others which are presented (digestive system, lymphatic or haematopoietic, bladder, genitourinary, lip or oral cavity) only all age analyses were possible. For most of the analyses specific to cancer site there were no gradients in the hypothesised direction across the Teesside zones. With the exception of breast cancer in women of all ages, however, the three Teesside zones combined had higher (or equal) cancer rates than zone S. Across the Teesside zones a gradient in the hypothesised direction for lung cancer was not present in men of all ages, and unclear for women at all ages (but the gradient is significant, in fact, zone C has a higher ratio than zone B). The hypothesised gradient was present for men and women aged 0-64 (p=0.69 for men, 0.07 for women). For women aged 0-64 in zone A, the DSRR was 229, this being standardised to zone S, an area which itself has a high SMR for lung cancer (SMR 170). 7 8 The SMR for lung cancer in women aged 0-64 in zone A, standardised to England and Wales mortality data, was 387 (95% CIs 277-525). 7 8 The mortality ratio for lung cancer in the three Teesside zones was substantially higher than zone S in women of all ages, and particularly, 0-64 years. For a fuller analysis based on SMRs see reference 8. 8 There was no clear gradient in respiratory mortality in men of all ages across Teesside zones. Such gradients were there for women of all ages (p=0.29) and for men (p=0.33) and women aged 0-64 (p=0.07). For all the age groups, respiratory mortality ratios were higher for Teesside zones combined than for zone S (95% CIs included 100). For chronic obstructive airways disease there were no gradients in the hypothesised direction across the Teesside zones, which together had higher rate ratios than zone S (but the 95% CIs included 100). There were no clear cut patterns for circulatory disease in line with the study hypothesis.
Analysis based on the 15 community survey areas; that based on dividing the 27 Teesside areas into five zones; and analysis for three different periods (1981-4, 1985-7, and 1988-91) partially supported, but did not alter, this picture. 8 
Discussion
Investigation of concern about the health eVects of local industrial pollution is one of the more diYcult applications of epidemiology to public health. The technical problems are formidable, particularly estimating exposures and reaching judgements on cause and eVect, 18 19 but the need to undertake and interpret a study in the public eye poses additional challenges. The study of populations concerned about the health eVects of industrial pollution makes interpretation of self reported data diYcult, especially when the health eVects are subtle. [20] [21] [22] Failure to unearth causal associations may harm the public health and weaken the case for environmental improvement and compensation. Interpreting mere association as causation may undermine the standing of industry, and damage the economic and health status of the community. In a Canadian city with petrochemical industry a pseudoepidemic of cancer arose from an error in the denominator, and led to a drop in property prices, public anxiety, and a lasting reputation as a cancer city. 23 The present study was done amidst simmering controversy and adversarial dynamism, common underlying factors in studies of this kind which hinder resolution of conflict. 19 The populations involved were at the extremes of deprivation in the United Kingdom, bringing the additional issues of inequalities of health to the fore. Our data collection was purposely comprehensive in scope, with a strong emphasis on both health data and social and economic information. The analysis of data in several ways was deliberate, to avoid missing any important health eVects. This follows our strategy developed in examining the impact of pollution from a coking works 15 and a wallpaper factory. 24 The strategy of analysing data in several ways may be criticised on statistical grounds, but the recent reanalysis and reinterpretation of the data pertaining to the Three Mile Island nuclear reactor accident, which has given new conclusions, 25 and controversy, [26] [27] [28] [29] [30] is a reminder that there is scientific merit in comprehensive analysis, and an open and diverse approach to interpretation, which includes the perception of the aVected community. 19 Our statement of initial hypotheses, with a prediction of health gradients across the Teesside zones and between Teesside and Sunderland areas, was our principal guide to interpreting the many associations which are inevitably detected when large data sets are subjected to comprehensive analysis.
Severe air pollution undoubtedly aVects health, which may be shown even years after the exposure as in the case of the gas leak in the City of Bhopal, 31 but there is controversy on the health impact of low or variable levels of air pollution. [32] [33] [34] [35] [36] Studies on the local health impact of air pollution from industry do not yet provide generalisable principles, possibly because the eVects, if any, are dependent on local context. Morbidity has been studied among several communities including those living close to coal fuelled power plants, 37 gas refineries, 38 pulp mills, 39 iron foundries, 40 petrochemical industries, 41 power stations, 42 a coking works, 15 a wallpaper factory, 24 chemical dumping sites, 43 and a cement works. 44 Some studies have shown a health impact, others have not.
Studies of mortality have also been done. For example, a study of communities living close to steel foundries in central Scotland concluded that the high risk of lung cancer was causally linked to industrial air pollution. 45 Fear of a raised incidence of laryngeal cancer in people living near oil and solvent incinerators was not verified. 46 Studies of mortality relating to radiation hazards have been a source of controversy and methodological diYculty. [25] [26] [27] [28] [29] [30] Relatively few studies have simultaneously studied morbidity and mortality.
Of the methodological questions that determine the value of this study (and others like it) two are outstanding: was the population chosen as the focus of the study (in zone A) the right one, and were the populations in the zones suYciently alike to sustain comparisons of the kind made? CHOICE AND CHARACTERISTICS OF AREAS AND ZONES Proximity of residence to industry as a proxy for exposure is the basis of many studies of industrial impact on local health. 47 The populations of zone A were the focus of the study because of their proximity to major industry, their economic hardship, their previously demonstrated high mortality and the hypothesis that at least part of their poor health was attributable to industrial pollution. [1] [2] [3] [4] [5] Teesside and Sunderland have been similar economically for many decades. 4 48 Comparison between the 1981 and 1991 censuses showed social and economic similarity of the areas studied. 8 The 1993 community survey confirmed that the zones were well matched economically and in lifestyle indicators including smoking. Similar proportions of men had at least 1 year's experience of working in heavy industries. Variations in specific male occupational histories, however, reflect the diVerent industries of the two conurbations with steel and chemicals dominant in Teesside and deep coal mining in Sunderland. DiVerences in the socioeconomic indicators of access to a car or van and living in rented accommodation are a reflection of diVerent historical traditions of public housing and public transport provision between Teesside and Sunderland. Within Teesside the three study zones were highly comparable on social and economic factors, both historically and currently, but were diVerent in their proximity to petrochemical and steel industries.
Modelled data confirmed indications from monitored data that there is spatial variation in exposure to industrial air pollutants across Teesside. 8 14 We have no detailed retrospective exposure information but evidence from the historical land use survey 8 shows that our zone A has been close to industry throughout this century, and monitoring data on insoluble solids, ferric oxide, smoke, and SO 2 9-13 confirm that pollution in the Teesside areas closest to industry has been higher than in areas further away. Studies by Wicken and Buck 2 and Dean et al 3 showed relatively high levels of SO 2 and smoke in the Eston area, which overlaps with our zone A. The evidence supports our assumption that exposure to industrial pollution has varied with proximity to industry.
WERE THERE DIFFERENCES IN HEALTH BETWEEN THE POPULATIONS STUDIED?
Patterns of illness or disability, as measured in the community survey and general practice records study showed some diVerences across the zones. Particularly for children, respiratory symptoms were higher in the Teesside zones combined than in zone S. For no measure of morbidity was there a convincing gradient across the three Teesside zones (A>B>C) and between Teesside and Sunderland (ABC>S) as hypothesised. The view that the high prevalence of asthma in Teesside might be linked to local industrial emissions was not supported. Our data are mainly on the prevalence of diseases with extremely limited detail about the possible exacerbation of diseases by industrial pollution (an area for future research). Holtby et al showed that those living within 1 km of the major industries had a higher prevalence of otitis media with eVusion but in a logistic regression analysis incorporating distance from industry and an economic disadvantage score, no association was apparent, leading the authors to an equivocal conclusion. 6 8 The analyses of daily air pollution and general practice consultation rates indicated that local variations in air quality were not suYcient to create clinically important and measurable eVects on consultation behaviour.
The above findings seem surprising. On the basis of previous research, and testimony from medical personnel and local residents, 1-5 the expectation was that living close to industry would augment the health problems of people living in neighbourhoods where material hardship is widespread and longstanding. Some gradients in ill health might have been anticipated on the basis of artefact alone, for example, awareness bias. 20 21 These were not found. Some studies have linked particulate air pollution with respiratory diseases 49 and acute asthma. 50 Others, however, failed to find a relation between increased prevalence of asthma and higher concentrations of pollution as recently summarised by the Committee on the Medical EVects of Air Pollution. 51 The mortality findings were complex. Some diVerences between Teesside zones combined and the Sunderland zone were found for all cause mortality (0-64 year age group), all cancers excluding lung, and particularly relative to lung cancer and respiratory mortality in women. Mortality ratios for lung cancer in women were extremely high in the Teesside zones, and highest in the zone closest to industry. In several analyses carried out at various levels of spatial and temporal aggregation, 7 8 only lung cancer deaths among women were consistently highest in the zone closest to industry and in the combined Teesside zones when compared with Sunderland. The findings for lung cancer in women, and to a lesser extent, respiratory mortality, particularly in women 0-64 years old, agreed with the study hypothesis. There were no important diVerences between women in the study zones in smoking, occupation, and poverty levels. The questions raised by our findings on the diVerent lung cancer patterns found in women and men and the possibility of subtle diVerences in smoking patterns not apparent in our and others' cross sectional data, 2 3 are discussed in detail elsewhere. 7 8 We judged that the evidence pointed to a role for industrial air pollution in the higher levels of lung cancer in women living close to industry in Teesside. 7 In conclusion, living close to the constellation of petrochemical and steel industries does not have clear eVects on morbidity or on most causes of death. For lung cancer, and to a lesser extent respiratory mortality, particularly in women, the evidence points to an eVect. The reasons for the diVerent patterns in men and women, in those <65 years and at all ages, and the precise causes and future course of lung cancer mortality in women in Teesside, warrant further research.
